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Despite signiﬁcant conservation efforts, global biodiversity continues to decline. A key contributing
factor has been a failure to fully recognise the range of ecosystem service beneﬁts provided by
biodiversity. In this paper, we use a case study relating to Sites of Special Scientiﬁc Interest (SSSI) in
England and Wales to demonstrate the potential ecosystem service beneﬁts that can be derived from
biodiversity conservation policies. Our approach involved three stages: (1) a choice experiment to
assess the economic value of ecosystem services delivered by SSSI sites; (2) a ‘weighting matrix’ to
(a) assign ecosystem services to the different SSSI habitats and (b) identify the contribution that
conservation management on SSSIs has on the delivery of these services; (3) estimation of the
aggregated economic value of ecosystem services directly attributable to conservation management on
SSSI sites.
The public are willing to pay £956 m annually to secure the levels of services and beneﬁts currently
delivered by SSSI conservation activities, and a further £769 million to secure the beneﬁts that would
be delivered if SSSIs were all in favourable condition. These beneﬁt estimates signiﬁcantly exceed the
annual £111 million costs of managing SSSIs, demonstrating that investing in biodiversity conservation
can be cost effective.
& 2012 Elsevier B.V.Open access under CC BY-NC-ND license. 1. Introduction
The Earth’s biological resources are in decline: targets set by
the Convention on Biological Diversity to ‘signiﬁcantly reduce the
current rate of biodiversity loss’ by 2010 have not been achieved
(Secretariat of the Convention on Biological Diversity, 2010).
Further, human-induced drivers of changes (including land use
change, climate change, invasive species and population/eco-
nomic growth) are increasing the pressures on biological
resources, which in turn are impacting the capacity of these
resources to deliver ecosystem services that are important for
people’s welfare and livelihoods (Butchart et al., 2010; MA, 2005;
Stern, 2006; TEEB, 2010a; Turner et al., 2009; United Nations,
2007; WWF, 2006). Effective conservation measures are thus
urgently needed to protect the Earth’s biodiversity, and thus
maintain the stream of beneﬁts derived from it.
Although biodiversity is (generally) declining, there are some
success stories. For example, in England and Wales, conservation
policies relating to ‘Sites of Special Scientiﬁc Interest’ (SSSI) havex: þ44 1970 611264.
C-ND license. successfully improved the condition of key habitats over the past
decade. SSSIs are a network of over 5000 sites designated to
represent the best examples of biological and geological resources
in England and Wales (Defra, 2003). Over the past decade,
concerted conservation efforts have increased the proportion of
SSSI area in England in a ‘favourable’ or ‘unfavourable recovering’
condition from 57% in 2003 to 95% in 2010 (Defra, 2012). As a
result, England is now beneﬁting from enhanced delivery of a
range of ecosystem services.
In this paper, we use the SSSI case study to demonstrate the
potential economic beneﬁts that can be derived from biodiversity
conservation policies. Our approach involved three stages. Stage 1
involved the use of a choice experiment (CE) to assess the
economic value of ecosystem services delivered by SSSI sites.
Next, a ‘weighting matrix’ (WM) was used to (a) assign ecosystem
services to the different SSSI habitats and (b) identify the
contribution that conservation management on SSSIs has on the
delivery of these services. Stage 3 draws on these two datasets to
provide estimates of the economic value of ecosystem services
directly attributable to conservation management on SSSI sites.
This paper is organised as follows. Following this introduction,
we provide a discussion of the challenges of valuing ecosystem
services associated with biodiversity (Section 2). Our SSSI case
study is then introduced in Section 3. The aim, method and results
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a discussion in Section 7.2. Ecosystem assessments and valuation
Despite signiﬁcant international, national and local conserva-
tion efforts, global biodiversity continues to decline (Butchart
et al., 2010). Although there are many reasons why biodiversity
conservation efforts have failed, a key contributing factor has
been a failure to fully recognise the range of ‘ecosystem service’
beneﬁts provided by biodiversity (Costanza et al., 1997; Daily,
1997; MA, 2005; Sachs et al., 2009; Secretariat of the Convention
on Biological Diversity, 2000; TEEB, 2010a). The Millennium
Ecosystem Assessment (2005) classiﬁes ecosystem services into
provisioning services (e.g., food, ﬁbre, genetic resource, etc.),
regulating services (climate regulation, water regulation, pollina-
tion etc.), cultural services (aesthetic values, recreation and
ecotourism, spiritual and religious values, etc.) and supporting
services (e.g., nutrient cycling, soil formation, etc.). Conserving the
Earth’s biodiversity is therefore important to protect and enhance
the range of ecosystem services that are important to people’s
welfare and livelihoods. Recent discourse within the academic
and policy making communities have argued that understanding
the value of biodiversity and ecosystem services and embedding
this value in decision-making is essential for ensuring more
equitable, cost effective and sustainable biodiversity conservation
policies (TEEB, 2011a,b).
Over the past decade, there has been a signiﬁcant research
effort to develop methodologies to assess the economic beneﬁts
of biodiversity and associated ecosystem services. Notable studies
include the Millennium Ecosystem Assessment (2005), TEEB
(2010a,b) and the UK National Ecosystem Assessment (2011).
These studies have involved assessments at the international and
national scales; however, there are many more studies that have
focused on individual habitats or biomes at the sub-national level
(Christie et al., 2006). There are signiﬁcant challenges to ecosys-
tem assessments. Speciﬁcally, the researcher will need to under-
stand (i) the complex ecological linkages between biodiversity
(the ecosystem) and ecosystem service provision, and (ii) how
much people value the changes to ecosystem service provision. In
both cases, there are many gaps in current knowledge and high
degrees of uncertainty are involved in estimating those gaps.
Haines-Young et al. (2007) provide a useful framework to con-
sider these complex linkages between biodiversity, services and
beneﬁts. Key to this framework is the need to present ecosystem
services in terms of ‘ﬁnal products’, which can then be consumed/
valued by people. Such an approach will help to avoid double
counting of beneﬁts.
The economic valuation of the beneﬁts derived from ecosys-
tem services may be undertaken using primary valuation research
or value transfer (Defra, 2010); the former being the preferred
option if funds allow. Methods currently available for primary
valuation include: market prices, cost-based approaches (e.g.,
replacement costs, damage cost avoided and production functions),
revealed preference (e.g., travel costs methods and hedonic pricing),
stated preference methods (e.g., contingent valuation and choice
experiments) and deliberative valuation methods—see Eftec (2006)
and Christie et al. (2008) for a review of these methods. Often,
ecosystem assessments draw on a range of valuation methods to
evaluate the different services. Although this practice is useful as it
allows the most appropriate method to be used to value each
service, it does have draw backs in that valuations from different
approaches often cannot be directly compared (Christie and
Azevedo, 2009) and therefore it may not always be possible to
gauge the relative beneﬁts across services. To address this concern,our research evaluates the economic beneﬁts across a range of
services delivered by SSSIs using a single valuation protocol based
on a choice experiment (CE). The CE approach also helps to avoid
double counting from aggregating individual service values.
The choice experiment approach requires survey respondents
to make informed value judgements on the environmental good
under investigation. This requires information on these goods to
be presented to respondents in a meaningful and understandable
format (Arrow et al., 1993), which in turn will enable them to
express their preferences consistently and rationally. Herein lies
the problem: many studies have found that members of the
public have a low awareness and poor understanding of biodi-
versity and related services (Defra, 2002; Spash and Hanley,
1995). To address this issue, some researchers have started to
incorporate participatory and deliberative processes into stated
preference studies (Christie et al., 2006; Macmillan et al., 2002;
Spash, 2007). Such approaches allow more time for the provision
of information on the environmental good and provide the
respondent’s with ‘time to think’ about and reﬂect on their
preferences. There is evidence suggesting that deliberative
approaches can improve the accuracy of valuation surveys
(Kenter et al., 2011; Whittington et al., 1997; Whittington et al.,
1992). For these reasons, we administer our choice experiment
study through a series of deliberative valuation workshops.3. Case study: English and Welsh Sites of Special Scientiﬁc
Interest (SSSIs)
Our research uses the case study of the Sites of Special
Scientiﬁc Interest (SSSI) in England and Wales to demonstrate
the ecosystem service beneﬁts that might be attained from
biodiversity conservation policies. SSSIs conserve the England
and Wales’ most important sites for biodiversity and geodiversity.
SSSI policy dates back to the 1949 National Parks and Access to
the Countryside Act and has been developed through subsequent
legislation. The purpose of SSSIs is ‘to safeguard, for present and
future generations, the diversity and geographic range of habitats,
species, and geological and physiographical features, including the
full range of natural and semi-natural ecosystems and of important
geological and physiographical phenomena.’ (Defra, 2003).
In England, there are around 4000 SSSIs, covering 8% of the
total land area (Natural England, 2008) and in Wales there are
around 1000 SSSIs, covering 12% of the total area (Countryside
Council for Wales, 2006). SSSIs cover a wide range of habitats
(Table 1). Many of the largest sites are in upland and coastal areas,
where semi-natural habitats survive as uninterrupted expanses.
In contrast, many lowland habitats including meadows, heaths
and woodlands, are often represented by small (often o100 Ha),
fragmented sites. Further, SSSIs protect a large proportion of the
national area of some habitats, such as intertidal mudﬂats and
saltmarsh; fen, marsh and swamp; sand dunes and shingle.
Around three-quarters of the SSSI area in England and Wales
are also subject to higher international designations such as
Special Protection Areas and Special Areas of Conservation
(together known as Natura 2000 sites) (Countryside Council for
Wales, 2006; Natural England, 2007). Natura 2000 designation
provides an extra layer of protection to these sites.
In the last 10 years there has been increased emphasis on
improving and maintaining the condition of SSSIs in order to
achieve their conservation objectives. Conservation management
on SSSIs includes a range of actions to enhance the condition of
the sites, as well as legislation to protect the site against damage.
The condition of SSSIs in England and Wales is monitored under a
Common Standards Monitoring (CSM) framework (Joint Nature
Conservation Committee, 1998), which is based on the site-speciﬁc
Table 1
Area (Ha and %) of SSSI habitats in England and Wales.
Area of habitat within SSSIs (Ha) Habitat as % of
total SSSI area
England Wales EnglandþWales
Acid grassland 47,808 30,932 78,740 6.2
Calcareous grassland 35,720 905 36,625 2.9
Neutral grassland 17,718 1295 19,013 1.5
Purple moor grass and rush pastures 15,244 7341 22,585 1.8
Heathland 234,395 45,797 280,192 22.1
Broadleaved, mixed and yew woodland 67,365 9620 76,985 6.1
Coniferous woodland 82,311 9 82,320 6.5
Rivers and streams (KM) 2500 5211 7711 0.6
Canals (Km) 154 – 154 0.0
Standing waters 20,458 3639 24,097 1.9
Bogs 164,840 29,084 193,924 15.3
Fen, marsh and swamps 114,925 2406 117,331 9.3
Coastal and ﬂoodplain grazing marsh 40,991 10,856 51,847 4.1
Inland rock 2429 4742 7171 0.6
Maritime cliffs 14,646 669 15,315 1.2
Sand dunes and shingle 8130 3746 11,876 0.9
Intertidal mudﬂats and saltmarsh 226,156 13,896 240,052 19.0
TOTAL 1,095,789 170,148 1,265,937 100
Note: n In this analysis we have assumed that the habitat associated with rivers and streams and canals is 10 m wide, and therefore 1 km of these habitats is equivalent
to 1 Ha.
M. Christie, M. Rayment / Ecosystem Services 1 (2012) 70–8472Conservation Objectives for the Interest Feature(s) for which the
site was notiﬁed. In 2000, Defra agreed a Public Service Agree-
ment (PSA) target to ensure that 95% of the SSSI land area in
England was in ‘favourable’ or ‘unfavourable recovering’ condi-
tion2 by 2010, while the Environment Strategy for Wales gave a
commitment that 95% of Welsh SSSIs will be in a favourable
condition by 2015 and that all sites will be in favourable
condition by 2026. By 2006, 65% of the SSSIs were in ‘favourable’
59% or ‘unfavourable recovering’ condition and 33% in unfavour-
able condition Williams (2006). More recently, the government
has indicated that it would now like to bring an increasing
proportion of sites into ‘favourable’ condition.4. Aims and objectives
In this paper, we aim to estimate the economic value of
changes in biodiversity and associated ecosystem services which
will result from two SSSI policy scenarios: (i) meeting the target
of 95% of SSSIs in ‘favourable’ or ‘unfavourable recovering’ con-
dition and (ii) all SSSI achieving ‘favourable’ condition. Speciﬁc
objectives were:1.con
for
U
con
the
ma
wil
bogTo assess the marginal economic value of ecosystem services
associated with SSSI sites.2. To assess the ecological impacts of the delivery of SSSI policy
scenarios with respect to changes in biodiversity and ecosys-
tem services.3. Assessment of the total aggregate value of SSSI conservation
activities across England and Wales and across different SSSI
habitats.2 Favourable condition means that the SSSI land is being adequately
served and is meeting its ‘conservation objectives’; however, there is scope
the enhancement of these sites.
nfavourable recovering condition means that SSSI units are not yet fully
served but all the necessary management measures are in place. Provided that
recovery work is sustained, the SSSI will reach favourable condition in time. In
ny cases, restoration takes time. Woodland that has been neglected for 50 years
l take many years to bring back into a working coppice cycle. A drained peat
might need 15–20 years to restore a reasonable coverage of sphagnum.5. Material and methods
Our research method involved three stages, which are sum-
marised below (Fig. 1). For a detailed account of this research,
see Appendix 3 of Rayment et al. (2011).
5.1. Method Stage 1: the choice experiment
A choice experiment (CE) study was undertaken to estimate
the economic value of the ecosystem services delivered on SSSIs.
Seven ecosystem services attributes were examined in the CE,
which were representative of provisioning services (‘Nature’s
gifts’), regulating services (‘Climate regulation’ and ‘Water reg-
ulation’), and cultural services (‘Sense of experience’, ‘Charismatic
species’, ‘Non-charismatic species’ and ‘Research and education’)
(Fig. 2). Each of these seven ecosystem service attributes exam-
ined were deﬁned according to the three levels of delivery based
on three future SSSI funding scenarios: Maintain funding, Increase
funding and Remove funding (Fig. 2). The attribute levels were
estimated based on the area of relevant SSSI habitats that were
found to be in favourable condition relative to the current
‘Maintain funding’ scenario (which was deﬁned to represent ‘No
change’). So for example, the 35% increase in Research and
education under the ‘Increased funding’ scenario was based on
the change from the ‘Maintain funding’ scenario (where 65% of
SSSI area is in favourable or unfavourable recovering condition) to
the ‘Increased funding’ scenario (where 100% of SSSIs are in
favourable condition). Similarly, the 40% reduction in Research
and education under the ‘Remove funding’ scenario was based on
the change from the ‘Maintain funding’ scenario (65% of SSSI area
is in favourable or unfavourable recovering condition) to the
‘Remove funding’ scenario (where only 25% of SSSI sites are in
favourable condition). Other CE attributes were based on only a
subset of SSSI habitats that were relevant to that ecosystem
service. So, for example, the Climate regulation attribute was
based on the estimated amount of greenhouse gases (GHGs) that
would be sequestered/released from the Bogs, Heathland and
Woodland habitats under the different policy scenarios. Fig. 2
provides a summary of the levels each ecosystem service attribute
used in the choice experiment. An additional CE attribute relating
to annual increases in taxation was also included as the ‘Cost’
Stage 1: Valuation of the ecosystem 
services associated with SSSIs 
Stage2: Quantify levels of ecosystem 
services attributable to SSSIs 
CHOICE 
EXPERIMENT 
WEIGHTING 
MATRIX
Stage 3: Aggregation 
(Combine Steps 1 and 2) 
WTP for Ecosystem Services 
Weighting scores: Contribution of 
SSSI management to the delivery 
of ecosystem services 
WTP for Ecosystem Services 
attributable to SSSI management 
activities
Fig. 1. Overview of research approach.
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£300 and £450/annum over the next 10 years. Fig. 3 provides a
typical example of the CE choice task. The CE attribute levels were
allocated to choice tasks using a ‘shifted’ experimental design
which Ferrini and Scarpa (2007) argue is an efﬁcient approach to
designing choice tasks, particularly for small sample sizes.
The choice experiment study was administered through a
series of ten valuation workshops comprising a total of 153
participants who were recruited from ﬁve locations across
England and Wales: Wells, Southport, Hexham, Ipswich and
Carmarthen. The research protocol used in the workshops was
as follows: Short questionnaire on participants’ understanding of biodi-
versity and ecosystem services associated with SSSIs. A series of ‘standard’ CE choice tasks. We described this set as
the ‘standard’ CE as all activities up to this stage (and in
particular the level of information provision) were designed to
follow the procedures that would normally be adopted in a
standard interview-based CE. Participants were thus presented
with details of the hypothetical scenarios describing the future
management options for SSSIs, instructions on how to com-
plete the CE choice tasks, and a series of ﬁve choice tasks.
Following each choice task, respondents were asked to indi-
cate their level of conﬁdence in completing the choice tasks,
and indicate how they made their choices. Detailed presentation and discussion of SSSIs and associated
ecosystem services. Speciﬁcally, participants were provided
with a list of local SSSIs and asked to consider and discuss:
their knowledge of local SSSIs; their use of local SSSIs; other
people’s use of the SSSIs; wildlife beneﬁts to them; other
beneﬁts to them; the impact of a decline in condition of SSSI
on them; the meaning of SSSI status; and any problems/dis-
beneﬁts relating to SSSIs. This exercise not only enabled more
information to be presented than would be the case during a
standard CE, but also allowed time for discussion and reﬂec-
tion on this information. It is argued that only through this
deliberative approach can respondents develop sufﬁcientunderstanding of SSSIs to allow them to make meaningful and
robust valuations. A series of ‘informed’ CE choice tasks. We describe this second
set of choice tasks as ‘informed’ since participants would have
received additional information on SSSIs and associated eco-
system services as described above. Questionnaire on demographics and learning.
The CE data was analysed using a conditional logit model, in
which the dependant variable was the respondents choice (Option
A, Option B or Baseline) and independent variables included the
ecosystem services and cost attributes, along with data on the
participant’s socio-demographic characteristics. Estimates of WTP
for the ecosystem service attributes were estimated by dividing the
coefﬁcients of the service attributes with the coefﬁcient of the cost
attribute. See Hensher et al. (2005) for further detail on analysing
choice experiments.5.2. Method Step 2: the weighting matrix
It is important to highlight here that the CE (above) was used
to estimate the ecosystem service beneﬁts delivered by the
habitats within SSSI sites; that is both the additional services that
are directly attributable to SSSI conservation activities and the
residual services that would be delivered by that habitat in the
absence of any conservation management on SSSIs. Our research
interest is on the former. In Stage 2, we utilise a weighting matrix
(WM) to disaggregate these two components.
The ‘weighting matrix’ (WM) was developed to quantify the
levels of ecosystem services delivered by different SSSI habitats. The
WM itself was essentially an MS Excel spreadsheet application that
guides individual ecological experts through a series of ‘steps’ that
allow them to make this assessment. The outputs from the WM are
a series of ‘weighting scores’ which reﬂect the relative contribution
that the different SSSI habitats are judged to have for the delivery of
a range of ecosystem services. Importantly, these weighting scores
are consistent across all habitats and services investigated, thus
Fig. 2. Description of the different levels of ecosystem service beneﬁt used in the CE.
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involved in the WM were:‘serStep 1: the ecological experts were ﬁrst asked to identify the
three SSSI habitats that they were most familiar with (from a
list of 17 SSSI habitats). These habitats became the focus of the
expert’s assessment for the remainder of the exercise: this
helps to ensure that the experts were reporting on habitats
that they are familiar with, as well as reducing potential issues
of respondent fatigue. Steps 2 and 3: the WM utilises a dual-perspective3 scoring
procedure to estimate weighting scores. First, experts were
asked to rate each of the three habitats in terms of their
contribution to ecosystem service delivery (a service perspec-
tive: Step 2). This was followed by a second rating exercise
which asked the experts to rate the provision of services across
the habitats (a habitats perspective: Step 3). Step 4: the rating scores from Steps 2 and 3 were then
averaged to generate a mean weighting score for each SSSI3 See Haines-Young et al. (2007) for a detailed discussion of the ‘habitats’,
vice’ and ‘place’ perspectives for assigning ecosystem services to habitats.habitat: ecosystem service relationship. These weighting
scores could range from ‘0’¼no service provision to ‘1’¼full
service provision. In Step 4, these mean weighting scores were
presented back to the experts for review and conﬁrmation. Step 5 and 6: the experts were then asked to identify the
additional services that are directly attributable to SSSI con-
servation management. This was achieved by measuring the
percentage change in service provision from SSSIs being in
‘favourable’ condition to ‘unfavourable’ condition (Step 5). In
Step 6, they were then asked to review and conﬁrm these
scores (Step 6). Step 7: in the ﬁnal step, the experts are asked to review the
WM as a tool and express their overall level of conﬁdence in
their weighting scores.
In this study, 49 experts completed the WM. These experts
included representatives from government bodies/agencies (Defra,
Natural England, Environment Agency, CCW, UNEP-WCMC, National
Parks, Wildlife Trusts), NGOs (RSPB, National Trust, NFU, BMC), the
private sector (e.g., water companies) and academics.
The weighting scores from all experts were pooled to provide
estimates of the average weighting scores for each habitat: ecosystem
service combination. The analysis also enabled standard deviations to
M. Christie, M. Rayment / Ecosystem Services 1 (2012) 70–84 75be estimated for each weighting score, which was used to provide an
estimate of the level of consistency of weighting scores, i.e. weighting
scores with a low standard deviation indicate that the experts were
in a general agreement on the level of services provided by a habitat,
while a high standard deviation indicates low levels of agreement
between experts.OPTION A
Nature’s gifts
MORE NATURE’S GIFTS
25% increase in Nature’s gifts No c
Research and 
education
LESS RESEARCH AND 
EDUCATION
40% decline in research and 
educational activities
No c
e
Climate regulation Less CO2
SSSIs absorb 100k tonnes of CO2
(0.1% of all UK CO2 emissions) 
helping to reduce global warming.
SSSIs rele
annu
emissi
Water regulation NO CHANGE
No change. 4.5 million people would 
remain at risk of flooding.
65,00
Sense of experience
no change
No change in the area of SSSI 
habitats maintained in condition
Mo
33% in
habitat
Charismatic species. MORE CHARISMATIC SPECIES
20% increase in the populations and 
range of threatened charismatic 
species
FEWER 
55% dec
range 
Non-charismatic 
species
MORE NON-CHARISMATIC 
SPECIES
25% increase in the populations and 
range of threatened non-charismatic 
species
FEWE
50% dec
range of 
Cost per household 
(per year for 10 
years)
£25 per year
(total =£250 over 10 years) (tota
I prefer: Option A                   Opti
How confident do you feel about this choice? (Not confident)  0 
Fig. 3. Example of a choice5.3. Method Stage 3: aggregation
The ﬁnal stage in our analysis was to combine the data
collected for the CE and WM to establish the marginal ‘total
economic value’ of the ecosystem services delivered as a direct
consequence of conservation management across different SSSIOPTION B BASELINE
NO CHANGE
hange in Nature’s gifts
LESS NATURE’S GIFTS
50%reduction in Nature’s gifts
NO CHANGE
hange in research and 
ducational activities
LESS RESEARCH AND 
EDUCATION
40% decline in research and 
educational activities
More CO2
ase 100k tonnes of CO2 per 
m (0.1% of all UK CO2
ons) which contributes to 
global warming.
MORE CO2
SSSIs release 100k tonnes of CO2 per 
annum (0.1% of all UK CO2
emissions) which contributes to 
global warming.
LESS FLOODING
0 fewer people at risk of 
flooding
MORE FLOODING
65,000 more people at risk of 
flooding
re habitats maintained
crease in the area of SSSI 
s maintained in condition
FEWER HABITATS 
MAINTAINED
40% reduction in the area of SSSI 
habitats maintained in good 
condition
CHARISMATIC SPECIES
line in the populations and 
of threatened charismatic 
species
FEWER CHARISMATIC SPECIES
55% decline in the populations and 
range of threatened charismatic 
species
R NON-CHARISMATIC 
SPECIES
line in the populations and 
threatened non-charismatic 
species
FEWER NON-CHARISMATIC 
SPECIES
50% decline in the populations and 
range of threatened non-charismatic 
species
£100 per year
l =£1000 over 10 years)
£0 per year
on B                                   Baseline
– 1 – 2 – 3 – 4 – 5  (Very confident)
experiment choice task.
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various ecosystem services delivered by SSSIs under the policy
scenarios (derived from the CE study in Stage 1) with the habitat:
ecosystem service ‘weighting scores’ relating to the ‘additional
services due to SSSI’ (from the weighting matrix in Stage 2) and the
area of the SSSI habitat (Table 1). The outputs from Stage 3 include
both £/household and aggregate values for the ecosystem services
delivered by SSSI conservation management activities under the
Maintain funding and Increase funding scenarios. We also esti-
mated these values on a per hectare basis.6. Results
6.1. Results: Stage 1—the choice experiment
A total of 153 people were interviewed during 10 valuation
workshops. An accredited market research company was used to
enrol our sample using quota sampling. The representativeness of
our survey sample was tested by comparing key socio-economic
data against those from the National Census. No signiﬁcant
differences were found in terms of gender, attainment of a higher
education qualiﬁcation or income between our sample and the
population as a whole. Differences were however found in terms
of age (our sample had more older people) and marital status (our
sample included proportionally more single people and fewer
married people).
The choice experiment data were analysed using a conditional
logit model (Hensher et al., 2005). Table 2 reports these models
for the two choice sets (the ‘standard’ CE and the ‘informed’ CE),
as well as a pooled choice set (which combines the choice data
from both the ‘standard’ and ‘informed’ datasets).
Nature’s gifts, Climate regulation, Water regulation, Charismatic
species and Cost were signiﬁcant in both the ‘Standard’ CE and theTable 2
Choice experiment models for ecosystem services delivered by SSSI sites.
CE models
Standard CE model Informed CE model
Nature’s gifts 0.034E-02n 0.052E-02nn
Climate regulation 0.238E-02nnn 0.344E-02nnn
Water regulation 0.304E-02nnn 0.411E-02nnn
Sense of experience 0.468E-02nn 0.108E-02
Charismatic species 0.842E-02nnn 0.875E-02nnn
Non-charismatic
species
0.222E-02 0.165E-02
Research and
education
0.185E-02 0.920E-02nnn
Cost 0.353E-02nnn 0.354E-02nnn
Higher Edu_Baseline 1.213nnn 1.454nnn
Income_Baseline 0.293nn 0.317nnn
Kids_Baseline 0.731nn 0.739n
SSSI_Baseline 0.561n 0.414
Nat Con_Baseline 1.619nnn 1.215nnn
LL choice model 492.2 496.7
LL constants only 580.1 599.0
Chi-square 175.8 204.6
R20 0 0.151 0.171
R2 (adj) 0.143 0.163
Obs 658 664
No. of participants 132 133
Notes: The models are conditional logit models, where the independent variable is the c
and demographic data interacted with the baseline choice. SE of Implicit Prices are in
n Level of signiﬁcance: 0.1.
nn Level of signiﬁcance: 0.05.
nnn Level of signiﬁcance: 0.01.‘Informed’ CE models (Table 2). Research and education was only
signiﬁcant in the ‘Informed’ CE model, while Sense of experience was
only signiﬁcant in ‘Standard’ model. Non-charismatic species was not
signiﬁcant in either model. The sign of all of the signiﬁcant ecosystem
service attribute coefﬁcients was as expected, i.e. the positive
coefﬁcients suggest that respondents were more likely to choose an
option if it delivered higher levels of service provision. Note that the
Water regulation attribute is negative indicating that respondents
chose options where fewer people were at risk from ﬂooding. Also,
and importantly, the sign of the Cost attribute was signiﬁcant and
negative indicating that participants were less likely to choose an
option that had a higher cost. In terms of the socio-economic
characteristics, respondents with higher income and a previous
knowledge of SSSIs were less likely to choose the ‘Baseline’ scenario
(i.e., they tended to choose a scenario which enhanced SSSIs), while
those with children and attained a higher education qualiﬁcation
were more likely to choose the ‘Baseline’ scenario. Overall, both these
models demonstrate a good ﬁt to the data (R2¼0.151 and 0.171 for
the ‘Standard’ and ‘Informed’ models respectively).
Statistical tests to compare the two models (see Section 7.1)
indicated that the provision of different levels of information did
not affect the CE attribute coefﬁcients, and therefore we were able
to pool the two datasets into a single ‘Pooled’ model. In the
‘Pooled’ model, all of the choice experiment attributes (other than
Non-charismatic species) were signiﬁcant in the model and of the
expected sign (Table 2). The ‘Pooled’ model’s R2¼0.158, which
suggests that the data is a good ﬁt to the model. Given the
increased signiﬁcance of ES attributes and the larger dataset in
the ‘Pooled’ model, we use the ‘Pooled’ model as the basis for the
valuation used in the remainder of the analysis.
Implicit prices (£/household/year) for the ecosystems services
were estimated from the Pooled model as follows:
Implicit price¼ ½bAttribute=bcostImplicit prices for pooled CE model
Pooled CE model Unit Implicit price
(£/HH/year)
0.043E-02nnn 1% change £0.13nnn (0.04)
0.298E-02nnn 1000 t CO2 absorbed £0.89
nnn (0.15)
0.342E-02nnn 1000 more people at
risk from ﬂooding
£1.02nnn (0.24)
0.262E-02n 1% change £0.78nnn (0.41)
0.835E-02nnn 1% change £2.49nnn (0.37)
0.181E-02 1% change £0.54 (0.35)
0.571E-02nnn 1% change £1.70nnn (0.47)
0.335E-02nnn
1.345nnn
0.309n
0.738nnn
0.492nn
1.421nnn
993.2
1179.5
372.6
0.158
0.154
1322
132
hoice from Option A, B or baseline. The independent variables are the CE attributes
parenthesis.
4 The range in aggregate values were estimated based on the standard errors
of the CE attributes, which fed through to identify the range in the consumer
surplus values and then aggregate values.
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attribute (e.g., Nature’s gifts etc.) and bcost is the CE coefﬁcient of
the Cost attribute. The implicit prices reﬂect how much people
were willing to pay for a unit change in the delivery of ecosystem
services (Table 2). For Nature’s gifts, Research and Education, Sense
of Experience, Charismatic species and Non-charismatic species
this unit change is expressed as a 1% change in provision. For
Climate regulation the marginal change is expressed as 1000 t CO2
absorbed/released, while for Water regulation it relates to 1000
more/less people at risk from ﬂooding. People were willing to pay
an extra £2.49 for a 1% increase in the populations and ranges of
Charismatic species, and an extra £1.70 for a 1% increase in Research
and education beneﬁts (Table 2). Respondents were also willing to
pay an extra £0.89 for 1000 more tonnes of CO2 absorbed and
£1.02 if 1000 more people became at risk of ﬂooding (Table 2):
note that the attributes are measured on different scales and
therefore direct comparison of these values is somewhat arbitrary.
6.2. Results: Stage 2—the weighting matrix
The output from the WM was a series of ‘weighting scores’
which reﬂect the relative contribution that the different SSSI
habitats have for the delivery of a range of ecosystem services. A
score of 1 suggests that a habitat delivers high levels of that
service, while a score of 0 suggest that the habitat does not
support that service. Importantly, these weighting scores are
consistent across all habitats and services investigated, thus
enabling direct comparison across the entire matrix. The graphs
in Fig. 4 provide an overview of the weighting scores for the
various SSSI habitats.
In these ﬁgures, the total height of the bars represents the
relative levels of ecosystem services delivered under the Increased
funding scenario (i.e., if SSSI funding was increased to allow all
SSSIs to achieve favourable condition). The light shaded areas at
the bottom of the bar represent the relative levels of ecosystem
service delivery under the Remove funding scenario (i.e., the
residual levels of ecosystem services that would be delivered if
SSSI conservation activities were removed). The darker shaded
areas at the top of the bars represent the contribution that SSSI
conservation activities make to the delivery of services. This latter
value is important for this research in that it is these scores that
are used in Stage 3 to assign the contribution of SSSI conservation
activities to the valuation exercise. Finally, the error bars repre-
sent the standard deviation in the mean weighting scores for
SSSIs in favourable condition. These error bars thus represent the
level of consistency in the weighting scores across the experts:
smaller error bars indicate that there was a high degree of
agreement across the experts on the weighting score.
It is clear from visual inspection of the weighting scores that
there is a high degree of variability in terms of the level of
ecosystem services delivered by the different habitats. For exam-
ple, Broadleaved, mixed and yew woodland, Purple moor grass
and rush pastures, Rivers, Bogs and Fen, marsh and swamp were
thought to deliver high levels of ecosystem services, while the
Inland rock, Maritime cliffs and the various grassland habitats
were found to only deliver low levels of ecosystem services.
There are also clear differences between habitats in terms of
the contribution that SSSI conservation management has on
enhancing the provision of services. For example, SSSI conserva-
tion management in Purple moor grass and rush pastures and
Bogs was considered to enhance most types of ecosystem service
delivery. SSSI conservation management on Standing water,
Canals, and Maritime cliffs tended to mainly enhance cultural
services, while SSSI management on Fen, marsh and swamp, Bogs
and Purple moor grass and rush pastures habitats tended to
enhance regulating services. Finally, it was found that SSSImanagement would reduce commercial food production on the
Grassland, Bog and Heathland habitats.
There were also differences in terms of the conﬁdence that
experts had with respect to the links between SSSI habitats and
the delivery of ecosystem services. The standard deviations for
Broadleaved, mixed, and yew woodlands, Heathland, Bogs and
Fen, marsh and swamp habitats were generally low (indicating a
high level of conﬁdence and consistency), while the standard
deviations found in Sand dunes and shingle, Canals, and Maritime
cliffs were generally larger (indicating less conﬁdence in the
results). However, it should also be noted that those habitats
with high standard deviations were also the habitats which had
fewer than ﬁve responses and thus the high standard deviations
may simply reﬂect the low sample size.6.3. Results: Stage 3—the value of the additional ecosystem services
directly attributable to conservation management on SSSIs habitats
In this ﬁnal results section we report our estimates of the
values of ecosystem services delivered by SSSI conservation
management activities for our two policy change scenarios:
Maintain funding: (i.e., a change from a counter-factual policy
scenario where future funding for SSSIs is removed to a factual
policy scenario where future SSSI funding is maintained at
sufﬁcient levels to maintain current levels of SSSI condition);
and Increased funding (i.e., a change from a counter-factual policy
scenario where future SSSI funding is maintained at sufﬁcient
levels to maintain current levels of SSSI condition to a factual
policy scenario where future funding would be increased to allow
all SSSIs to achieve favourable condition). Values for each of the
policy changes scenarios were estimated at the individual house-
hold level, the aggregate for England and Wales, and on a per
hectare basis.
On average, people were willing to pay £43/household/year to
attain the ecosystem service beneﬁts associated with theMaintain
funding scenario (Table 3), and a further £35/household/year for
the Increase funding scenario. Further detail of the value of the
different services across different habitats can be found in
Tables 3 and 4.
Aggregate values for the beneﬁts of the ecosystem services
delivered by the SSSI conservation activities across England and
Wales were estimated by multiplying the household values
(Tables 3 and 4) with the number of households in England and
Wales. The aggregate value of the ecosystem services delivered by
the SSSI conservation management under the Maintain funding
scenario was £956 m/year (range¼£709 m–£1022 m4) (Table 5),
and an additional £769 m/year (range¼£568 m–£970 m) in the
Increase funding scenario (Table 6). Under the Maintain funding
scenario, the habitats that were most highly valued included
Heathland (£320 m/year), Bogs (£195 m/year), and Intertidal
mudﬂats and saltmarsh (£76 m/year). Conservation management
on Purple moor-grass and rush pasture, Rivers and streams,
Canals, Inland rock, Maritime cliffs and Sand dunes and shingle
were all valued at less than £10 m/year. The most valuable
ecosystem services associated with SSSI conservation activities
were the protection of Charismatic species (£423 m/year), Climate
regulation (£135 m/year), Research and education (£117 m/year),
and Water regulation (£105 m/year). Under the Increased funding
scenario, SSSI conservation activities delivered the highest valued
ecosystem services on Bogs (£198 m/year), Heathland (£156 m/
year) and Intertidal mudﬂats and saltmarsh (£147 m/year).
M. Christie, M. Rayment / Ecosystem Services 1 (2012) 70–8478Conservation activities on Neutral grassland, Rivers and streams,
Canals, Inland rock, Maritime cliffs, and Sand dunes and shingle
were all valued at less than £10 m/year. The most valuable
ecosystem services associated with SSSI conservation activities
were the protection of Charismatic species (£188 m/year), Climate
regulation (£182 m/year), Water regulation (£154 m/year) and
Research and education (£124 m/year). Further detail of the value
of individual services in a particular SSSI habitat can be found in
Tables 5 and 6.
Finally, Table 7 reports per Ha consumer surplus values of
ecosystem services delivered by the various SSSI habitats for the
Maintain funding scenario and the Increase funding scenario. The
per Ha values were estimated by dividing the aggregate values for-0.2
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Fig. 4. Levels of ecosystem service provision across different SSSI habitats: results from
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(q) Intertidal mudﬂats and saltmarsh.each habitat (from Tables 5 and 6 respectively) with the area of
that habitat within SSSIs (Table 1). Under the Maintain funding
scenario, highest per Ha values were attained for Bogs (£1021/Ha/
year), Sand dunes and shingle (£860/Ha/year), Intertidal mudﬂats
and saltmarsh (£709/Ha/year), and Fen, marsh and swamp (£706/
Ha/year). The lowest values were found for Inland rock (£212/Ha/
year) and coniferous woodland (£233/Ha/year). Under the
Increase funding scenario, highest per Ha values were attained
for Sand dunes and shingle (1377/Ha/year), Heathland (£1141/
Ha/year), Intertidal mudﬂats and saltmarsh (£1035/Ha/year), Bogs
(£1007/Ha/year) and Broadleaved, mixed and yew woodland
(£1002/Ha/year). The lowest values were found for Inland rock
(£200/Ha/year) and coniferous woodland (£237/Ha/year)..2
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7.1. Critique of research approach
The research reported above represents an analysis of the
ecosystem service values associated with a range of SSSI habitats.
Importantly, all the data were collated using a standard research
protocol, which means that the data are, at minimum, internally
consistent, thus allowing robust relative comparisons of values
across habitats, services and policy scenarios. Although, we arehappy that the research results are valid and provide useful value
estimates, there are a number of caveats to the use of this data.
First, we only evaluate the beneﬁts associated with a limited
range of ecosystem services associated with SSSIs. The seven
ecosystem services were selected on the basis that they were
(i) representative of the range of possible provisioning, regulation
and cultural services and (ii) valued by members of the public.
However, these seven services do not cover all of the possible
services delivered by SSSIs. For example, we do not include
pollination services in the choice experiment study. Also, we do
Table 3
Household consumer surplus values of ecosystem services delivered by SSSI conservation activities by SSSI habitats under the ‘Maintain funding’ scenario
(£/household/year).
Natures
gifts
Research and
education
Climate
regulation
Water
regulation
Sense of
experience
Charismatic
species
Non-charismatic
species
All ecosystem
services
Acid grassland 0.00 0.40 0.19 0.02 0.23 1.28 0.30 2.41
Lowland calcareous
grassland
0.00 0.22 0.10 0.06 0.19 0.73 0.22 1.54
Neutral grassland 0.01 0.09 0.04 0.06 0.05 0.23 0.07 0.55
Purple moor-grass and rush
pastures
0.00 0.04 0.03 0.03 0.02 0.14 0.03 0.28
Heathland 0.06 1.81 1.48 0.97 1.27 7.66 1.42 14.67
Broadleaved, mixed and yew
woodland
0.01 0.46 0.47 0.28 0.26 1.67 0.35 3.52
Coniferous woodland 0.01 0.23 0.00 0.02 0.05 0.45 0.06 0.83
Rivers and streams 0.00 0.04 0.02 0.06 0.02 0.14 0.03 0.31
Canals 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Standing waters 0.00 0.08 0.03 0.03 0.05 0.37 0.08 0.65
Bogs 0.00 0.75 2.47 1.77 0.36 2.61 0.73 8.69
Fen, marsh and swamp 0.02 0.49 0.65 0.71 0.32 1.93 0.36 4.48
Coastal and ﬂood plain
grazing marsh
0.00 0.15 0.04 0.13 0.09 0.48 0.09 0.98
Inland rock 0.00 0.02 0.00 0.00 0.01 0.01 0.01 0.05
Maritime cliffs 0.00 0.04 0.02 0.00 0.02 0.12 0.02 0.22
Sand dunes and shingle 0.00 0.04 0.06 0.04 0.03 0.17 0.04 0.36
Intertidal mudﬂats and
saltmarsh
0.02 0.42 0.52 0.59 0.15 1.23 0.17 3.11
Total 0.15 5.30 6.12 4.77 3.13 19.21 3.98 42.66
Note: The values reported above relate to the Maintain funding scenario in which the marginal change is to maintain current levels of SSSI condition relative to a decline in
condition associated with the Remove funding scenario.
Table 4
Household consumer surplus values of ecosystem services delivered by SSSI conservation activities by SSSI habitats under the ‘Increase funding’ scenario
(£/household/year).
Nature’s
gifts
Research and
Education
Climate
regulation
Water
regulation
Sense of
experience
Charismatic
species
Non-charismatic
species
All ecosystem
services
Acid Grassland 0.00 0.35 0.20 0.02 0.20 0.49 0.16 1.42
Low calcareous grassland 0.00 0.16 0.09 0.05 0.14 0.23 0.10 0.78
Neutral Grassland 0.00 0.08 0.05 0.07 0.05 0.09 0.04 0.37
Purple moor-grass and rush
pastures
0.00 0.10 0.09 0.08 0.05 0.16 0.04 0.53
Heathland 0.03 1.24 1.22 0.80 0.87 2.31 0.59 7.05
Broadleaved, mixed and yew
woodland
0.01 0.34 0.42 0.25 0.19 0.54 0.16 1.90
Coniferous woodland 0.01 0.36 0.00 0.04 0.08 0.31 0.06 0.87
Rivers and streams 0.00 0.03 0.02 0.06 0.02 0.05 0.02 0.20
Canals 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Standing waters 0.00 0.11 0.04 0.05 0.06 0.21 0.06 0.53
Bogs 0.00 0.86 3.42 2.45 0.41 1.31 0.50 8.96
Fen, marsh and swamp 0.01 0.52 0.83 0.91 0.34 0.90 0.23 3.75
Coastal and ﬂood plain
grazing marsh
0.00 0.23 0.07 0.24 0.14 0.32 0.09 1.09
Inland rock 0.00 0.03 0.00 0.00 0.02 0.01 0.01 0.07
Maritime cliffs 0.00 0.07 0.03 0.00 0.03 0.08 0.02 0.23
Sand dunes and shingle 0.00 0.05 0.10 0.06 0.04 0.10 0.03 0.39
Intertidal mudﬂats and
saltmarsh
0.03 1.08 1.62 1.85 0.39 1.39 0.27 6.63
Total 0.10 5.61 8.21 6.94 3.03 8.51 2.37 34.76
Note: The values reported above relate to the Increase funding scenario in which the marginal change is from the Maintain funding to Increase funding scenario, to allow all
SSSIs achieve favourable condition.
M. Christie, M. Rayment / Ecosystem Services 1 (2012) 70–8480not attempt to evaluate the beneﬁts from marketed goods and
services such as commercial food production. Indeed, it is likely
that SSSIs may reduce the levels of provision of some of food
production.
The choice experiment aimed to assess the value of a range of
ecosystem services delivered by SSSIs. From the outset, it was
clear that this would be a challenging exercise, particularly given
the complexity and unfamiliarity of the environmental good in
question. To address these challenges, a valuation workshopapproach was adopted that provided respondents with more time
and information to develop their understanding of the SSSIs and
associated ecosystem services, and hopefully provide more
informed value assessments. However, it is also possible that
the higher than normal levels of information during the valuation
exercise could affect respondent’s valuations, and in particular
lead to ‘constructed preferences’ (Payne et al., 1999). To test for
the impact of the ‘extra’ information, we undertook a parameter
equality test (Christie and Azevedo, 2009; Swait and Louviere,
Table 5
Aggregate consumer surplus values of ecosystems services delivered by SSSI conservation activities by SSSI habitats under the ‘Maintain funding’ scenario (£m/ yr).
SSSI habitat Natures
gifts
Research and
education
Climate
regulation
Water
regulation
Sense of
experience
Charismatic
species
Non-charismatic
species
All ecosystem
services
Acid Grassland 0.06 8.80 4.19 0.44 5.32 28.28 6.61 53.69
Lowland calcareous
grassland
0.10 4.96 2.31 1.36 3.76 16.17 4.82 33.49
Neutral Grassland 0.12 2.06 0.93 1.39 1.27 5.00 1.45 12.21
Purple moor-grass and rush
pastures
0.00 0.83 0.65 0.58 1.37 3.03 0.60 7.05
Heathland 1.38 40.06 32.74 21.43 23.24 169.46 31.43 319.73
Broadleaved, mixed and yew
woodland
0.29 10.27 10.45 6.23 5.18 37.00 7.74 77.16
Coniferous woodland 0.17 5.18 0.00 0.51 2.19 10.04 1.40 19.49
Rivers and streams 0.05 0.91 0.45 1.28 0.43 3.16 0.68 6.96
Canals 0.00 0.02 0.00 0.00 0.01 0.05 0.02 0.10
Standing waters 0.08 1.87 0.62 0.70 1.74 8.23 1.73 14.98
Bogs -0.01 16.58 54.68 39.19 11.07 57.68 16.13 195.31
Fen, marsh and swamp 0.43 10.81 14.36 15.66 9.12 42.61 8.03 101.02
Coastal and ﬂood plain
grazing marsh
0.11 3.30 0.80 2.83 3.71 10.52 2.07 23.33
Inland rock 0.00 0.44 0.00 0.00 0.46 0.27 0.26 1.43
Maritime cliffs 0.00 0.96 0.37 0.00 0.86 2.61 0.47 5.27
Sand dunes and shingle 0.00 0.80 1.26 0.80 1.01 3.65 0.79 8.32
Intertidal mudﬂats and
saltmarsh
0.47 9.34 11.50 13.16 10.48 27.17 3.85 75.97
All SSSI habitats 3.23 117.18 135.31 105.56 81.23 424.93 88.08 955.51
Note: The values reported above relate to the Maintain funding scenario in which the marginal change is to maintain current levels of SSSI condition relative to a decline in
condition associated with the Remove funding scenario.
Table 6
Aggregate consumer surplus values of ecosystem services delivered by SSSI conservation activities by SSSI habitats under the ‘Increase funding’ scenario (£m/year).
SSSI habitat Natures
gifts
Research and
Education
Climate
regulation
Water
regulation
Sense of
experience
Charismatic
species
Non-charismatic
species
All ecosystem
services
Acid grassland 0.03 7.68 4.43 0.46 4.39 10.89 3.50 31.39
Lowland calcareous
grassland
0.04 3.57 2.02 1.19 3.10 5.14 2.11 17.18
Neutral grassland 0.06 1.86 1.01 1.52 1.05 1.99 0.79 8.28
Purple moor-grass and rush
pastures
0.00 2.20 2.08 1.87 1.13 3.55 0.96 11.79
Heathland 0.57 27.35 27.10 17.73 19.17 50.99 13.00 155.91
Broadleaved, mixed and yew
woodland
0.13 7.51 9.27 5.52 4.28 11.93 3.43 42.07
Coniferous woodland 0.16 8.03 0.00 0.96 1.81 6.87 1.31 19.15
Rivers and streams 0.02 0.75 0.45 1.29 0.35 1.16 0.34 4.38
Canals 0.00 0.02 0.00 0.00 0.01 0.02 0.01 0.05
Standing waters 0.06 2.35 0.95 1.07 1.44 4.55 1.32 11.74
Bogs -0.01 18.93 75.65 54.22 9.13 29.02 11.16 198.09
Fen, marsh and swamp 0.28 11.45 18.44 20.10 7.52 19.90 5.16 82.85
Coastal and ﬂood plain
grazing marsh
0.10 5.06 1.48 5.27 3.06 7.11 1.93 24.01
Inland rock 0.00 0.70 0.00 0.00 0.38 0.19 0.25 1.52
Maritime cliffs 0.00 1.49 0.69 0.00 0.71 1.78 0.44 5.12
Sand dunes and shingle 0.00 1.16 2.20 1.40 0.83 2.32 0.69 8.60
Intertidal mudﬂats and
saltmarsh
0.73 23.97 35.76 40.93 8.65 30.73 5.99 146.76
All SSSI habitats 2.17 124.09 181.55 153.53 67.01 188.13 52.39 768.89
Note: The values reported above relate to the Increase funding scenario in which the marginal change is from the Maintain funding scenario to the increased funding
scenario which allows all SSSIs to achieve favourable condition.
M. Christie, M. Rayment / Ecosystem Services 1 (2012) 70–84 811993) that compared the consistency of the ‘standard’ and
‘informed’ choice model (Table 2). The resultant likelihood ratio
test statistic was 8.6 (Critical LR value¼22.3, po0.05, 13 d.f.)
indicating that the null hypothesis of consistency could not be
rejected, i.e., the provision of information did not signiﬁcantly
change the CE attribute coefﬁcients. Construct validity of the CE
was also tested by examining whether the attributes in the CE
model met a priori theoretical expectations (Table 2). In the CE
models, the cost, ecosystem service and a range of socio-economic
attributes were signiﬁcant and of the expected sign: thusproviding evidence of construct validity. Overall, there is a good
evidence to support the validity of the choice experiment.
The weighting matrix was designed as a social survey tool for
gathering information on the relative levels of ecosystem services
delivered by different SSSIs. The key reasons for choosing this
approach, as opposed to a review of literature, was that: (i) there
are currently many gaps and uncertainty in the literature; and
(ii) most of the available literature is unlikely to be speciﬁcally
targeted to the context of this research i.e., SSSIs. Eliciting expert
knowledge was also considered to be a relative efﬁcient approach
Table 7
Per Ha aggregate consumer surplus values of ecosystems services delivered by
SSSI conservation activities by SSSI habitats under the ‘Maintain funding’ and
‘Increase funding’ scenario (£/Ha).
SSSI habitat Maintain funding
scenario (£/Ha)
Increased funding
scenario (£/Ha)
Acid grassland 682 399
Lowland calcareous
grassland
914 469
Neutral grassland 642 436
Purple moor-grass and
rush pastures
312 522
Heathland 1141 556
Broadleaved, mixed and
yew woodland
1002 546
Coniferous woodland 237 233
Rivers and streams 903 568
Canals 649 339
Standing waters 622 487
Bogs 1007 1021
Fen, marsh and swamp 861 706
Coastal and ﬂood plain
grazing marsh
450 463
Inland rock 200 212
Maritime cliffs 344 334
Sand dunes and shingle 1377 860
Intertidal mudﬂats and
saltmarsh
1035 709
M. Christie, M. Rayment / Ecosystem Services 1 (2012) 70–8482to address these knowledge gaps. In the review of the weighting
matrix (Step 7), a panel of experts agreed that the relative scores
generally met expectations and that the standard deviations
around individual scores tended to reﬂect current levels of
certainty in scientiﬁc knowledge. However, a number of concerns
were raised in the review. First, the weighting scores for Acid
grassland, Purple moor grass and rush pastures, Coniferous
woodland, Canals and Coastal and ﬂoodplain grazing marsh were
based on less than ﬁve observations and therefore issues were
raised on the robustness of these scores. Second, concerns were
raised that agreement between experts is by no means infallible
evidence (Cochrane, 1972; Stevens et al., 2010). It should there-
fore be recognised that the weighting scores elicited in this
research represent the consensus knowledge of a range of experts
in which some of that knowledge may be factoid.
Finally, it is useful to comment on the robustness of the value
estimates reported in Tables 3–7. Generally, we are happy with
the aggregate values since these are derived from the choice
experiment and therefore are grounded in recognised economic
theory. However, it should be noted that these values are based
on an ‘informed’ public, which may not necessarily reﬂect the
preferences of an ‘uninformed’ public5 and this fact should be
taken into account when interpreting the aggregate values.
Additional information on how different types of people at
different locations value SSSIs would have also been desirable
(particularly to allow more robust aggregation); however, our
sample was not large enough to produce meaningful statistics on
these factors. The disaggregated values for individual habitats
were estimated using the weighting matrix to allocate the
aggregate values across the different habitats. This valuation
process is not well grounded in economic theory and therefore
we advise cautious in terms of interpreting the results for the
values of individual ecosystem services delivered from a particu-
lar habitat. Further, each SSSI site will be different (in terms of5 Although it should be noted that tests undertaken in this study suggest that
the provision of information did not unduly inﬂuence resultant values and
therefore this may not be an issue in this research.size, conservation status, species composition, location, proximity
to people, etc.) and therefore the mean values derived in this
study may not be directly transferable to all SSSI sites. Further-
more, our disaggregation does not account for issues such as
distance decay (Bateman et al., 2006; Hanley et al., 2003).
However, within these limitations, we conclude that our disag-
gregated values are still robust in general terms and therefore
provide a useful starting point in the assessment of the relative
capacity of different habitats to deliver ecosystem service
beneﬁts.
7.2. Future research
This research aimed to utilise and develop state-of-the-art
approaches to the valuation of ecosystem services associated with
SSSIs. The research remit was undoubtedly challenging and
throughout the research process we were faced with many
data/knowledge gaps and uncertainties. Although, we believe
that we were largely successful in addressing these challenges,
a number of research and knowledge gaps still exist and therefore
we present these as opportunities for future research activity.
Addressing knowledge gaps: it was clear from our review that
there are currently signiﬁcant gaps in knowledge and uncertainties
in terms of (i) the levels of ecosystem services delivered by different
habitat types, and (ii) how conservation management affects the
delivery of ecosystem services. Although we recognise that there is
currently a signiﬁcant research effort aiming to address these
knowledge gaps (for example in the UK, the National Environment
Research Council (NERC) is funding research programmes on Valu-
ing Nature Network (VNN); Biodiversity, Ecosystem Services and
Sustainability (BESS); and Ecosystem Services and Poverty Allevia-
tion (ESPA)), we would like to highlight the fact that the validity of
valuation studies such as this one can only be achieved if based on
valid scientiﬁc knowledge and understanding of natural systems.
We therefore suggest that further research into the link between
habitats, ecosystem services and values becomes a priority.
Systematic review: in our study, we utilised a weighting matrix
to elicit expert knowledge to establish the levels of ecosystem
services delivered by different SSSI habitats. There are, however,
potential issues associated with the use of such knowledge in that
agreement between experts may not represent infallible knowl-
edge. A much more robust approach would be to utilise systema-
tic reviews (Fazey et al., 2004; Pullin and Knight, 2001; Pullin
et al., 2004; Sutherland et al., 2004). Although such a review was
outwith the scope of this study, we argue that future research
efforts should be undertaken to systematically review the avail-
able evidence on the levels of ecosystem services delivered by
different habitats.
Value transfer/scaling up values: undertaking empirical valua-
tion research is costly, and there is much policy interest in
developing approaches to transfer values from existing studies
to new policy settings (Defra, 2010; Spash and Vatn, 2006; Wilson
and Hoehn, 2006) or scaling up values from small scale study sites
to multiple policy sites within a region (Brander et al., 2012). In
this research we have generated values on a per Ha basis, which
we argue can feed into future value transfer/up-scaling work.
However, there are still issues with regard to the robustness of
both these methods, and therefore further research needs to be
undertaken to develop more robust approaches to these methods.
7.3. Conclusions
The aim of this paper was to use the SSSI case study to
demonstrate the cost effectiveness of biodiversity conservation
policy. To achieve this aim, we administered a choice experiment
that assessed people’s values for seven ecosystem services
M. Christie, M. Rayment / Ecosystem Services 1 (2012) 70–84 83associated with SSSIs. The ecological impacts of SSSI policy were
then assessed using a weighting matrix. These two datasets were
then used to assess the total value of SSSI conservation activities,
as well as a disaggregation of these values to individual habitat
types. Our results demonstrate that the public are willing to pay
£956 m annually to secure the levels of services and beneﬁts
currently delivered by SSSI conservation activities in England and
Wales, and a further £769 million annually to secure the beneﬁts
that would be delivered if SSSIs were all in favourable condition.
The value of these beneﬁts is almost 9 times as high as the current
£111 million annual public expenditure on SSSIs (Rayment et al.,
2011) and therefore this suggests that public expenditure on
biodiversity conservation policies represents a sound public
investment. Our research also provides one of the most compre-
hensive assessments to date of the potential of a range of habitats
to deliver ecosystem service beneﬁts. Importantly, this assess-
ment has been undertaken using a consistent research protocol
which implies that the value estimates generated may be directly
compared. Such information therefore should be extremely useful
to policy makers tasked with developing and evaluating biodi-
versity conservation policy that maximise public beneﬁts, or
other related policy areas such incorporate biodiversity values
in national reporting and accounting (EU Biodiversity Strategy
Task 2, Action 5).Acknowledgements
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